
. .  

N72-751-7  

c 
I 

OI 
8 
c 

I 
L 

(3 
v) 



W z W 

LL 

-k c 
8 
t 
V 

0 
s 
L 
(3 
Z 

- 
v) 

h 
9 
OI 
c 

!i 
W 
In 
m 

I 
W 
I- 

c 

Q n 
Z 
0 - 
I- w 
J 
p. z 
0 v 

v) 

w E 
I- 
v) > 
v) 

7 
0 - 

v) 

W 
I- 
v) 

v) 

z 
> m a 

I- 
v) 
W Z 

0 
v) 

2 
0 
& 
P, 

5 LL. e 
Z W 

5 
A.. 

2 
m 
Q. 
-J 

I- 
v) 
W 

v) 
w, 
6 - 
7 

c, 
Z 
0 z 

5 u, 
a? 
w 
p. 

e 
Q. 
P 

L 
I 
V 

Z 
0 

n 

W c 

6 - 
W 
0: 
P 

b s 
0 

v) c * u  
nc e 

a 

n 
Z 
Q. 

0 
OL 
L 

v) 
W 
E 
z; 
tt; 

c s 
Q. 
0 

I- 
& 

3 
Z 

ti 
0 

W n - > 
nc 
0 
7 
c3 

Z w 

2 
0 > 

(3 

n 

- 
v) 
W 

0 

I 
u 
I- 

c 

d 

0 
& 
p. u 

v) 
w > - cn 

w 
0 - BI cl h c n cv - 

W n 
Z - I- 

& 
4 m 

0 I- 
v) 

I li' 
I 
1 
c 
1 

ii 

0 0 0 





1 
1 
1 
I 
I 



m 

I 
I- - 
iz 

a 
D 
W 
I- 

0 
0 
v) 
m 

- 

a 

tn 
0 
nc 
a, 5 

Q n 
(3 
z 
U 

Z 
0 
U 

- c 
-I 
LL 

- 

0 

- 
N 

x 

X 

- 
N 

- 
x 

X 

N 

- 
x 

I 

I 

0 .  

v, 2 2  
-0u U 
L -  

0 .  



I 
I 

1 
I 
I 

c\ 

a, 
0 

5 
E! 
k 
0 
k 

0 
k 
PI 
rn 
c, 
2 + 
a, 

c 
0 
.rl 
-P 
cd 
-P c 
a, rn 
a, 
k PI 
a, 
5 
k 
0 

TI u Ll 
0 
PI 
al 
.rl 
k 
a, 
P 
.ri 
k 
0 

c\ 

cd 
*rl 
k 
a, 
P 
.rl 

5 
$ 
.rl 
P 
0 
Q, 
k 
+I 
a, 
I 

-P rn 
E 

5 
m 
a, 

k 
0 
m 
a, 
rd 

c 
0 
*rl 
P 
cd 
P c 
a, rn 
QJ 
k 
PI 

2 
P 
k 
0 
rl 
0 
Ti 
-@ 
0 
a, rn 
rd 

I 
-F, rn 
0 
0 

c 
0 
.rl 
m 

2 
a, 
F: 
-P 

a, 
N 
.rl 

-P 
1 
r;l 

4 
.rl c 
? 
rn 
a, 
rl 

8 
$ 
% 
Ld - 
rn 
-P c 
a, 
.rl 
0 
.rl 
k 
k 
a, 
0 
V 
I 
a, 
0 
d 
3 
64 c 
.rl 

h 

rn c 
0 
.rl rn 
.rl 
0 
a, a 
k 
k 
0 
I 

5 
k 
c, 
-P c 
a, 
Q 
8 
2 z 
2 
a 

cd 
c 
M 
.rl rn 
a, 
rd 
0 
c, 

2 
0 



a 
I- 
Q 
d 



v) 

w 
I- 
VI 

v) 

I- 

z 
> 
Z 
Q 
-’ 
-’ 
w 

8 
8 
nt 

Z 
0 z 
Z 
Q 

4 
I- 

-’ 
-’ 
w 

8 oc n - rn 
c 

n - 
M 
m > 
I 

4 

n - 
6 
v) 

e 

I- m 
2 

8 

I 
I- 
m 
-’ 

rr) 

I 

;? 

I- 
Z 
Q 

E 
0 

Z 
0 z 

-’ 
A 

nt 

E 

. 
n 

5 
U 
I v 
Q 
oi 

w 
VI 
w 
nt 
I- 
w 

t: 
0 
nt 

0 
8 

8 s  
N -  

O 
8 
G 
c 

I 
rr) 
Ol 

a z 
nt 

6 
Y 

I 
0 - 
I- 

-’ 

M 
W 

Q 

Z 
G I 
I- 
W 

5 
nt 
w 
Q 

0 
0 
0 
rr) 

I 
0 
u) 

6 
M 
I- Z 
0 v 
a l - 
3 
LL 

Z 
0 - 
v) 
A 

2 
0 
n 
a 
nt 

W 
w 
I 
Y v 
0 
-’ 

ri 
rr) 

I 
0 
u) 

0 
8 
‘2 

4 

I 
0 
rr) 

a - 
6 
v) 

0 
8 
d 
rr) 

I 
0 
0 
0 
In‘ 

-’ 

a? 
Lu 

a 

Z 
r3 I 
I- w 

0’ 
aL 
w 
Q 



I 
I 
I 
I 
I 
I 
1 

2 

5 
W n 

v) 

8 L 
n z 
4 ti 

d 
U 

z 
0 v) c n 

0 

f2 
c 

V 
7 

z 
0 L! 

u, 
U w 

5 
W 

z 
0 - b 

V 
- 
a? 

v) 
W 
n 

0 
M z 

8 n z 
4 

v) c L 
W 
& 
W 

in 
0 
V 

-J 
W 

W 
> 5 c 

v) 

v) 
> 

I W 
V 
Z 

0 
2 
u, 
a? 
w 
L 

I 

LL 
W a e I- 

v) Z 
0 

;> 
P 

- 
ti 

2 
W e 
L 

5 a n 
Z 
0 
2 

z 
0 

& 

2 
V 

i 
2 

m c 

L 
L 
W 

I 

Y 
I- 
S 
(3 3 - 

Q 
U 

I 

0 w a 
v) 
W w 

a? 

I I 

> 

1 I- 

2 a 1 > - - > - > 5 
c 
v, 

v) 
> 8 

e 0 0 

8 

I 



m o 
I- 
m 
- 
- 
E 
a 
I- o 
QL a 
I 
0 
w o 

QL 
0 
L L  

e5 e 

W 
V 
Z a 

d 

0 



d 
0 
.rl 
c, 
cd 
k 
a, 

2 

9 
c, 
0 
k 

m 
E a, 
-P 

x m 

;;1 r: a, 

cd 

0 
k 
k 
a, 
PI 
d 
TI 

z 
E 

0 co 
";7 

0 
.rl 
c, 
2 5  B 2 

c, 
0 
v3 
M E 

0 

al 
k 

2 
-P r: 
cd 
rl 

c 
0 x m 

n 0 
% 

5 c c, 

rl 
d 

3 

E 
8 
0 r: 
0 
E 

rl 

0 

0 r: 
0 
E 

& 
k 

2. 
0 8 0 

r: 
-rl 

a, 

k 
0 
k 9 

rl 
3 
d 

B 
cd 

k 
a, 
rl 
rl 
cd 
E m 

% cd 
k 

- 
0 
rl 

? 
2 2 

8 
k 
0 m 

c, 

rl 
rl 

0 

3 
& 
b 

a, 

if k 
8 
a, 

Q, 

9 
cd M 

Ln cu 
W 

k 
a, z k 

a, 
rl 
rl 
al 
E m 

c, m 
2 

c 
c, 
.rl 
3 

cd n 
c, m 

k a 

3 
R 

k 

0 
$ 

a, 
V s 
E 
k 
0 
k 
k 
Q, 
PI 

74 
d 
0 

a, 
rl 
P 
cd 
b 

a, 
-P 
0 
E 
0 
34 

h 
rl 
P 

u 
d 

$ 
3 
k 
a, 

2 
z 
-P 

c 
E a, 

a, 

cd 

0 
CH 
k 

z 
E 

% 

-P 
5 
0 
G 

P 
s 

c, 
cd 
r: 
0 

a 
cd 

2 a c, 
0 
d 

0 
-P 5 c 

k 
a, e 

ho rl 

h 
P 
TI 
rl 
.rl 
P 
.rl 

d 
0 
k 

k 
k 
0 

W 

s 
2 

a, 
m 
$ 

a, s 
k 
m m 
8 )  

c, 2 
h 
rl 
P 
03 r: 
0 

a , d  
k k  
3 a  

d -P 
cd 8 

8 l! c rl 
C 

* 
v1 a 
d 

a, m 
Ln 
rl 
M 

0 
c, 

2 

8 

$ 
0 
0 
a, m 

a 
2 Q c 

.rl 

m 
a, 

-P 
3 tz x m 

4 
cd 
a, 

m 
k 
0 
c, 
0 E 
a, r: 

-P c 
cd 
rl 

PI 
0 
I;;f 

a, 
rf 
P cd 
5 

a, c 
E3 

5 

B 4  

rl 
rl 

% 
d 
P 

P 
cd i-4 

% 
k 
0 
-P m 

c, cd % P 
cd c m 

rl 
a, 

rl 
z 

rn 
e, 
c, 
cd 
k 
a, 
3 
2 
.rl 

5 c ; 
cd 

E m 
.rl 

a, 
0 a m 

2 
a, 

A J  

k 
0 
0 
PI 

m 
a, 
m m 
0 
rl 

% 
a, 
k 
P 

w a' 
h c 

m 
a, 
5 
d 

9 
in x m 0 

c, 
a 
a, B 

8 

3 
0 
PI 
E 

3) 
k a 

k 
5 B x m 2 

-P 

k 
0 

i! 

a, 
5 a 
m al 

x 2 
0 

2! 
a, c, r: 

cd 
rl 
rl 
a, 
PI 
0 

9 

7! 
0 
0 
M 

0 
c, 

4 

k 

ri 

a, 
0 
d 
.rl 
m 

0 co cu T! a, 
V 

2L 
a, 
3 
d 

m 
Q, r: 
.rl 
k 

d 
k 
s 

0 
d 

0 
c, 

4 

r: 
a, 

-P 
a, 
P 

g 
tz' m 

a, 
5 
rl 

$ 

0 
.rl 
-P 
cd 
k 

a, 
ho 

k 
3 

x 
-P 
5 -P 

cd 
.rl m a 



I 1 1 1 I I 1 I I I I I 1 I I 
0 
\D 

0 0 0 
\D A- cu cu 8 

M M G4 M % cu 
0 0 cu 

3smm1 3u13zds mmnma 



> 
I- - 

w a. 
w nc 
I- - 
m 

i" 
I 

1 I I I I I 
% cv cu rl 

In 0 L n  0 In 
rl 

~m383d - W I ~ I ~ I ~ ~ C I O ~ I ~ Z ~ I  ;LIB BSWI 



7 
0 
I- 

E w 
0, 
0 

- 
a 

n 
w 
-J 

E 
0 
of 
I 
I- 
c3 
7 
E 
3 

- 
n 
W 
0 

L 
w 
W a. 

8 
rl 

0 co 

0 w 

0 
3 

0 cu 

0 



I 
I 
I 

0 0 0  



ii a, 
c, 
m 
h 
m 
c 
0 

v i  

3 
PI 
0 
Bl 

5 
k 
0 

c 
a, 
d 
V 
.rl 
4-1 
k 
a, 

5l *rl 

k 
0 
k 
0 
c, 

.rl a c 

.rl 

g 

s 
0 
ho 
cd 
m 
.rl 

G 
0 
.rl 
c, 

k 
k 

m 

s 

B 

3 
rl 
rl 
Q) 
pc 
0 
k 
PI 
k 
0 

m 
3 
5 
0 
PI 

.rl 
rl 
PI 
PI 
al 
0 
*rl 

V 
a, 
2 

% 

9 
a, 

k 
0 
m 
U 
% O d d  

P 

-P 
Q) 
c, 
0 c 

2 
‘E: 
cd 
rl 
rl 
a, 
PI 
0 
k 
PI 

m a, 
a , k P  





I 
I 
I 

v) 
Q 

v) 

- 
I 
Z 
0 - c 
4 
w 
M 

c 

v) 
I- 

U 
U 
w 

Y 

od 

0 

9 
n 

II 

w 5 
Z 
W oc 
M 

v) w 

8 
v) w Z 

0 - d z 
w 
M 
3 - 
Q 
u, 

3 n w 
M 

4 
v) w 
n 
0 c 

w c 

5 
2 
2 
0 

0 
U 

s Ln 
n 
0 

w 
M 

-I 

u, 

3 - a 

0 0 



I 
I 

h a, c 
c, a, 

5 a, 
M 

rl 
8 

k 
0 

k 
0 E 

d 
d 
0 
.d 
c, 
k 
0 
PI 

k 
0 

d 
a, 
c, c 
a, m 
Q, 
k 
PI 
a, 
k 

cu 
c, c 
a, 
E 
PI 
0 

cu 
a k  
0 0  
Z E  

0 
c, 
\D 

rl 

E 
v 

rl 
a, 

a $ P k  r: c 
c, 
0 
P 

E 
0 
k 
k 

a, 
d 
c, 
r: 
.d 

k ?  
o c d  e 
c, r : a  

d 
d 
cd k 

0 -z= a, r : c  
T I  c, 

a 
a, 
c, 
d 
a, 
rn 
a, 

b4 

c;‘ 
X 

h 

m 
c, 
01 

a r: 
a, 
k 
c, 

P) 
A 
c, 
..\ 
n 

a, 
c 

‘S a, 

$ s 
0 

P) 
t-l 
PI 
E 
cd 
3 hD r: aJ 

0 

> 
cd z 

5 
.d r: ro 

.d c 
c, 

k 
cd 
a, 
d 

a r: 
cd 

cd a 
a, 
m 
3 

2 
c, 

h 
P 0 

.d 
m 
cd 
P 

c, 
cd 
.G 
-P 

a 
a, 

a, c 
c, 
k 
0 

3 
cd 
c, 

rd 

2 d 
ffi c 

PI 
cd 
k 
ho 

..\ 
n 
ro 
a, 
.d 
k aJ 
m 
m 
cd 
rl 
c, 
4 

9 
‘0 a, 
’ ” 3  - 

k 
aJ +J 
a, 
E 
cd 

PI 
2 

m 

i! w 
3 k 

a c 
cd 

w 
ffi 
2 

w 
X 
E-c 



Motor Type 

h i l u r e  Mode 

Fa i lu re  Causes 

P robab i l i t y  of F a i l u r e  
Occuring during 
Solid Motor F i r ing  

Detection 

Remedial Action 

Ef fec t s  on Propulsion 

Iletiods f o r  El iminat ion 

- 
: ?.ilure Rate Reduction 

<e la t ionship  

Stzndard 

COMPONE& FAILURE MODES AND EFFECTS 
1 

C o q n e n i  Chamber 

Component Type Glass Filament Wound I 
I 

Standard I Standzrd 
Standard Standard 

Inadequate g l a s s  o r  Inadequate I g n i t e r  o r  I g n i t e r  Jo in t /Sea t  Nozzle Jo in t /Sea l  Inadequate s k i r t  s t r erg t h 
composite s t r eng th  Nozzle boss s t r eng th  leakage leakage 

Filament Under - 
s t r eng th  s t r eng th  (b )  O-ring F a i l u r e  ( b )  Attach Bol t  Fa i lu re  ( b )  Skirt/Chamber Bond Fa i lu re  
Irregular Roving ( c )  Attach Bolt  Fa i lu re  ( e )  O-ring F a i l u r e  
Indexing (d)  Boss/chamber bond failure ( d )  Boss/chamber bond 
I r r e g u l a r  Winding failure 
Tension 
I r r e g u l a r  C u r e  

(a)  Aluminum under- (a) J o i n t  Mater ia l  F a i l u r e  (a )  J o i n t  Mater ia l  F a i l u r e  ( a )  S k i r t  Matl. F a i l u r e  

.000038 

Growth: S t r a i n  G a g e  

.000006 

.moo6 

None 

.000006 

.000008 

None None 

.ooooo6 

.000008 
.000002 
.000003 

N c m  

(1) Charl6;e motor C.G., (1) Leakage o r  burn t h r u  (1) Leakage, burn th ru-  (1) Leakage, burn th ru -  (1) Change i n  Thrust Alig-ment 
Thrust Alignment reduced t h r u s t  reduced thrust reduced t h r u s t  (2)  Chamber Rupture/Burn t’iim- 

l o s s  of thrust producing thrust spike t h r u s t  spike,  loss of thrust spike,  l o s s  of 
(2)  Charr.ber Ruptured- (2)  I g n i t e r  Nozzle e j e c t i o n  (2)  I g n i t e r  e j e c t s  producing (2) Nozzle e j ec t ion -  Loss of thrust. 

& loss  of thrust t h q s t  thrust 

(1) Ixcrease Process 

( 2 )  1:;crease number of 

(1) Increase  boss s t rength .  (1) Increase  J o i n t  Strength 
(2)  Increase  No. of Bol t s  

(1) Increase  J c i n t  S t rength(1)  Increase S k i r t  Mzt’l Strength 
(2)  Increase  No. of Bolts Control 

l a y e r s  

(2 )  Increase  Skirt Wnd S;SreI@h 

F a i l u r e  r a t e  i s  d i r e c t l y  F a i l u r e  r a t e  i s  p a r t i a l l y  Fa i lu re  rate is p a r t i a l l y  
r e l a t e d  t o  nuaber of a func t ion  of boss weight, related t o  j o i n t  weight r e l a t e d  t o  j o i n t  weight S k i r t  mater ia l  xeight. 
g l p s s  la j -e~*s  and design 
narg ies .  A preidious study configurat ion 
ir-dicated t h z t  8 t en fo ld  
reducticc 3f fail-, e r a t e  
[frm 10 t o  l o - g r e q u i r e c  
en  i-crezse of 0.22 lb. 
25 ~ 3 ~ a 1  w t o r  weight per  
-,O 1’0 ?f pro-pellant 

Fa i lu re  rate is  p a r t i a l l y  

and number of  bolts. 

F a i l u r e  i s  p a r t l y  r e l a t e c  ts 

p a r t i a l l y  a func t ion  of and number of bolts. 

--5 

- -  

%tie 4 
Skeet 2 =tf 11 



TABLE A-D-1 

I 1 

! 

-- 

Sheet  5 of’6 

I!A COMPONENTFAILURE MODES AND PROUAB!LTTIES DURING SEVERAL MISSION P SES ? 
COMPONENT m,~, ANT V A L V E  

__-  _ _  

Leakage ,  ex terna l ,  Leakage, i n t e r p a l  ( through valve 
seats )  

Damaged  seat  - from vibra t ion  
Contaminat ion on s e a t  
Buttoti/ s e a t  m i  sal ignmcnt  

K - s e a l  f a i lu re  
(va lve  injector in t e r f ace )  

I 

Failtuo Caum 

r- 

Skurce 

C - 1 and o t h e r  
r a d i a m i c  engine 
e s p c r i e n c e  a t  R M D  

Maximum 
M i n i m u m  
Expected 
C onf i d  sac a 

Ddk ing 
Launch 15 x l o e 6  

5 0% 

PR@?A?,! IdTY 
OF FAI; iJRE 
OCCUR R ING 
( P e r  Miss ion)  

Maximum 
Minimum 
Expected 
Confidence 

iur ve \ o r Mi s s i o n  

5 x 
50 70 h r a t i o n  66 hrs 

‘ i r i n r  
T i m e  223 sec 
’hro t t le  
Vahre 
C j - c l e s  180 
lhuto f f  
Valve 
Cycles 3 

M8ximum 
Minimum 
Expoctod 
Confidenc c 

At 
Startup 10 x 

5 0% 

Maximum 
Minimum 
Expoc tod 
C oaf idenc 4 

: -1 hlission 

)u r a ti o n-V a r i ous 
i r i n g  

T i n ~ e  1000 sec 
’u lse  
Va1X-e 
Cycies 7000 

-_--- 

.. 
50 x 
5070 

M u i m u m  
Minimwn 
Expec tod 
Codidencc 

A t  
Shutdrrm 1 5  x 

50% I 
I 
I 

1. PomdbSlitiow for detoction. Reduced  propel lan t  tank p r e s s u r e  Reduced  prc>pellant 

2. Romedial action after detection. None C lose  u p s t r e a m  va lves  

Continuous propel lan t  lcak into 
c h a m b e r  

O / F  r a t i o  change  
Loss  of p rope l l an t  

3, Effectr of failure on propuleion 
porformanco and interfacbg 
rrrt8m. 

1. Metbodr for rlimlsratlng or rr8duc- 
ing probability of failura modo. 

Extens ive  v ibra t ion  and dcvclop-  
m e n t  t e s t s  

S t r i c t  in -procrss  con t ro l s  and 
d e v e lo pm c 11 t t (1 s t s . 

2. Emtimatod reduction la hiluro 
prababilitior and ertimated cort 
and weight dfactr. 
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COMPONENT FAILURUTEST RELAI IONSHI t5 

Fa i lu re  rate remains 
e s s e n t i a l l y  constant after 20 
t e s t s .  Fa i lures  which occur 
are due t o  human e r r o r ,  manu- 
f ac tu r ing  o r  Q.C.  overs ights  
or are random s t a t i s t i c a l  i n  
na ture  due t o  chance combin- 
a t i o n  of weak material and 
excessive fo rces  or  loads .  

H i s t o r i c a l  d a t a  f o r  Sol id  
Motors (all components) 
1964 - 1966 

design type failure modes are 
discovered and el iminated.  

S D  850 Insu la t ion  ( s t e r i l i z e d )  

V-44 V-45 type in su la t ion ,  \\\ standard nozzle 
\\, pre-  
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SUMl~NRY OF STERILIZATION DESIGN CONSIDERATIONS 

Influences on 

Fa i lu re  

R e l i a b i l i t y  
Development Development Production Modes and Information Operating Performance Mat e r i a 1 

Se lec t  i on  Weight T ime  Cost c o s t  Subsys t e m  Category Conditions Charac t e r i s t i c s  

Nozzle Q u a l i t a t i v e  No ne Current plasma 
a r c  da t a  i n d i c a t e  
an increase i n  
a b l a t i o n  o r  re -  
g re s s ion  r a t e  of 
p l a s t i c  i n s u l a t o r s  
a f t e r  s t e r i l i z a -  
t i o n .  This e f f e c t  
has not been 
v e r i f i e d  by motor 
f i r i n g  t e s t s .  

Q,uant i t a t  ive None Plasma a r c  
da t a  ind ica t e  
increase i n  
regression 
r a t e  of up t o  
4370. 

Special  
s e l e c t i o n  of 
some mater- 
i a l s  most 
capable of 
s t e r i l i z a t i o n  
w i l l  be 
des i r ab le .  

Some mater ia ls  
t h a t  a r e  nor- 
mally used i n  
nozzles a r e  not 
s u i t a b l e  f o r  the  
s t e r i l i z a t i o n  
condi t ions.  
These w i l l  be 
replaced o r  t he  
design revised 
t o  e l iminate  
them. 

Increase i n  
p l a s t i c  i n -  
s u l a  t o r  weight 
i f  increased 
a b l a t i o n  o r  
r eg res s ion  
r a t e  i s  
v e r i f i e d .  

Increase because 
of more s t r e s s  
and thermal 
analyses and 
s t e r i l i z a t i o n  
tes t s  of com- 
ponents and 
subassemblies. 

Increase be - Increase 
cause of i f  t h i c k e r  
a d d i t i o n a l  p l a s t i c  
analyses and i n s u l a t o r s  
s t e r i l i z a t i o n  and re- 
tes ts .  quired o r  

i f  more 
expensive 
mat e r i a l s  
a r e  re- 
quired t o  
replace 
ma te r i a l s  
not s u i t  - 
ab le  f o r  
s t e r i l i z a -  
t i o n .  

Noz zie de veiop- 

increase 10 t o  increase 

Product ion 
weight of some ment time w i l l  ment cos t  w i l l  c o s t s  w i l l  
p l a s t i c  i n su la -  increase 10 t o  

207G may be i f  t h i cke r  
necessary. (1) i n s u l a t o r s  

are  r e -  
quired and 

i f  more 
expensive 
mat e r i a  1 s 
are 
required.  

TnoVOQpn irL tpLc n T n - - l -  ~ - ~ - - l  _ _  ~ v u ~ ~ ~ c  ucvc~up- A L L L A  LUUL 

10 t o  2% t o r s  of up t o  30-i.. 'a$. 

5 t o  3% 

Technology or Tests of nozzle assemblies t o  determine t h e  e f f e c t s  of s t e r i l i z a t i o n  conditions on i n t e r f a c e  
Study Req'd. bonds and mating components a r e  des i r ab le .  

(1) A weight increase percentage less  than t h e  posslble  increase i n  a b l a t i o n  o r  r eg res s ion  r a t e  i s  because a l a r g e  
centage of t he  i n s u l a t o r  thickness  i s  f o r  thermal i n s u l a t i o n  only. 

Fa i lu re  modes 
w i l l  be the  
same a s  those 
f o r  standard 
nozzles. A 
p o t e n t i a l  
reduction i n  
nozzle r e l i -  
a b i l i t y  r e -  
s u l t i n g  from 
heat  cycl ing 
e f f e c t s  on 
i n t e r f a c e  
bonds, e t c .  
This p o t e n t i a l  
reduction can 
be compen- 
sated p a r t l y  
by designs 
t h a t  reduce 
bond 
s t r e s s e s .  

i n s u f f i c i e n t  
da t a  a r e  
ava i l ab le  t o  
es t imate  the  
e f f e c t s  of 
s t e r i l i z a t i o n  
on nozzle 
r e l i a b i l i t y .  
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INFLUENCE OF STERILIZATION ON COMPONENT FA1 LURE RATES 

Component 

Propel lan t  

Chamber 

I n s u l a t i o n  

Nozzle 

I g n i t e r  

TVC 

Thrust  Term. 

Throttling Valve 

Type 

m 3066 
ANB 3289 
ANB 3224 

Glass 
Titanium 
Maraging S tee l  

v44, v45 
SD850 

Standard 
Extendable Exit 
Cone (only) 

P e l l e t  
Sol id  Propel lant  

Liquid I n  j ec t  ion  

Nozzle Eject ion 

Liquid Quench-Nozzle 
E j e c t  i o n  

(only) 

P i n t l e  Actuator 

Ekpected Fa i lu re  Rate 
Af ter  20 

Ful l - sca l e  Tests 
S t e r i l i z e d  Uns te r i l i zed  

.00005 . oooo63 

.oooo2 .oooo2 

.00003 .oooo3 

,00065 .00081 
.00030 00037 

.00020 .00025 

.00020 ,00025 

.00002 .oooo2 

.00020 .00020 

.OO045 00045 

0 0 0 0 4 5  .00066 
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Titanium Tank Costs 

P rope l l an t  Tank D i a .  = 45 inches 
Cost (Ave. 10 U n i t s )  = _Lbl $15 700 

t '  

I \ 
\ Cost pe r  Pound Al loca ted  \ f o r  R e l i a b i l i t y  Improve- 

ment 10,000 = K \ 

\ 67 l b  
($92 K) 

.010 .020 .030 .040 .050 .060 

TANK WALL THICKNESS - INCHES 

BOOSTER COST TO ACHIEVE WEIGHT: 

Gross Wt/Payload W t  150 

COSt/lb M 15 

ACost = $145,000 
Break even at K = $1000/lb 
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